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Abstract A laser transmitter and receiver are respectively arranged on the low-orbit space station and its companion
satellite. Both the 935-nm short-wave infrared band vapor detection laser beam pulse pair and 765-nm near-infrared
band laser beam pulse pair (located in the oxygen absorption A-band) are transmitted and received simultaneously.
One detection wavelength of the 935-nm band pulse pair strongly absorbs water vapor and other reference
wavelength exhibites relatively weak absorption of water vapor; one wavelength of the 765-nm band is strongly
absorbed by oxygen and other wavelength is weakly absorbed by oxygen. An Abel transformation relation exists
between the two-wavelength differential optical depth of the entire optical connection and differential extinction
coefficient at the tangent point of the connection. Based on Abel integral transformation, the numerical calculation is
performed using the ideal gas law and the atmospheric quasi-static equation, taken the atmospheric model as the
initial condition. The 765-nm wavelength pair is used to invert the atmospheric pressure and temperature, whereas
935-nm wavelength pair is used to invert the atmospheric water vapor density. Simulation results and error
distribution of the water vapor profile distribution are obtained. Results show that laser occultation has the potential
to detect the level of water vapor in the troposphere-stratosphere (5-14 km).
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Fig. 2 Absorption and transmittance spectra. (a) Absorption spectrum of water vapor in the NIR region near 935 nm

(Selected detection wavelength is not sensitive to temperature); (b) atmospheric transmittance spectrum from a

13 km altitude showing the oxygen A-band absorption line at 764.7 nm using a standard US atmosphere ( Selected

Table 1

® 1 HOLE R NS

detection wavelength is not sensitive to temperature)

Parameters of the laser occultation model

Parameter

Value

Introduction

Emission wavelength

Emission spectrum

Laser pulse power

Laser pulse time width
Laser pulse repetition rate
Laser divergence angle
Reception telescope
Field of view
Detector noise equivalent power
Detector dynamic range

Orbital altitude

0.765 pm(764.688 nm/764.918 nm) ,
0.935 pm(935.607 nm/935.390 nm)

Linewidth Af/f,<<3X10 %;
spectral purity=>36 dB

1.5 W

1.5 ms
50 Hz
~3.0 mrad
®36 cm
~1.0 mrad
8§X10 " W per 2 ms
NEP~2X10"Y per 2 ms
400 km

Double wavelength pairs of online

and offline

DFB semiconductor laser+ semiconductor
optical amplifier
Acoustic-optic chopper
Cassegrain

2 ms observation time for a pulse

Low-earth-orbit

Note: DFB represents distributed feedback; NEP represents noise equivalent power.
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